We report a search for the rare charmless decay B + → K * 0 K * + using a data sample of 772 × 10
6
BB pairs collected at the Υ(4S) resonance with the Belle detector at the KEKB asymmetric-energy e + e − collider. No statistically significant signal is found and a 90% confidence-level upper limit is set on the decay branching fraction as B(B + → K * 0 K * + ) < 1.31 × 10 −6 .
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The study of charmless B meson decays provides a powerful probe to search for new physics [1] beyond the standard model.
We search for B + → K * 0 (892)K * + (892), a B → V V decay channel mediated by the b → d transition for which the so-called polarization puzzle is yet to be solved; here, V denotes a vector meson. A naïve counting rule for light vector mesons predicts the longitudinal-polarization fraction to be f L ∼ 1 − O(m 2 V /m 2 B ) in such decays [2] . However, in loop-dominated modes such as B → φK * [3] , the f L values are found to differ significantly from this prediction. In contrast, tree-dominated decays, e.g., B → ρρ seem to follow the expected pattern [4] . The polarization puzzle is a prime motivation for measurements in other B → V V decays to test predictions of the QCD factorization and perturbative QCD approach. The sensitivity to f L is obtained by considering the decay process in the helicity basis. In the B + → K * 0 K * + decay, this basis is defined with the two K * rest frames in which the helicity angles θ K * + and θ K * 0 are measured between the daughter momentum (K ± or π ± ) of each K * and the direction opposite the B meson.
The B + → K * 0 K * + decay proceeds via electroweak and gluonic b → d loops, as shown Fig. 1 . The expected branching fractions for B meson decays to V V final states are calculated in several papers [5] [6] [7] [8] [9] [10] [11] . The branching fraction of B + → K * 0 K * + is predicted to be (0.1−1.1)× 10 −6 in QCD factorization [6, 11] and (0.3 − 0.9) × 10
in perturbative QCD [5, 9] . The BABAR Collaboration has measured the longitudinal fraction f L = 0.75
+0.16
−0.26 ± 0.03 and the branching fraction B = (1.2 ± 0.5 ± 0.1) × 10 −6 for B + → K * 0 K * + using a data sample of 467 × 10 6 BB pairs [12] , where the first uncertainty is statistical and the second is sys-tematic. It has also obtained the B 0 → K * 0 K * 0 decay branching fraction B = (1.28
+0.35
−0.30 ± 0.11) × 10 −6 [13] . On the other hand, Belle reported an upper limit on the branching fraction for [14] . Owing to the smallness of the underlying CKM matrix elements, the b → d transitions (dominant in B → K * K * decays) are suppressed compared to b → s and hence the related channels are not so well measured. Therefore, precise measurements based on high statistics are needed to shed more light on the polarization puzzle.
Our results are based on a data sample containing 772 × 10 6 BB pairs, corresponding to an integrated luminosity of 711 fb −1 , recorded at the Υ(4S) resonance with the Belle detector [15] at the KEKB asymmetric energy e + e − (3.5 on 8.0 GeV) collider [16] . The principal detector components used in the study are a silicon vertex detector (SVD), a 50-layer central drift chamber (CDC), an array of aerogel threshold Cherenkov counters (ACC), a barrel-like arrangement of time-of-flight scintillation counters (TOF), and a CsI(Tl) crystal electromagnetic calorimeter (ECL). All these components are located inside a 1.5 T solenoidal magnetic field. Two inner detector configurations were used: a 2.0 cm beampipe and a 3-layer SVD for the first sample of 152 × 10 6 BB pairs, while a 1.5 cm beampipe, a 4-layer SVD and a small-cell CDC to record the remaining 620 × 10 6 BB events [17] . The latter sample has been reprocessed with an improved track reconstruction algorithm, which significantly increased the signal detection efficiency.
The B + → K * 0 K * + candidate is reconstructed from the subsequent decay channels of
, where K * refers to the K * (892) meson [18] .
Charged tracks are required to have a transverse momentum greater than 0.1 GeV/c and an impact parameter with respect to the interaction point less than 0.3 cm in the r − φ plane and 4.0 cm along the z axis. Here, the z axis is the direction opposite the e + beam. Charged kaons and pions are identified by means of a likelihood ratio
denotes the likelihood for a track being due to a kaon (pion). These likelihoods are calculated using specific ionization in the CDC, information from the TOF, and the number of photoelectrons from the ACC. Kaon identification efficiencies are 98.1% (99.0%) for transversely and 97.2% (97.5%) for longitudinally polarized cases, and pion identification efficiencies are 97.2% (98.6%) for transversely and 97.3% (98.9%) for longitudinally polarized cases in the [20] , we use the following quantity instead of M bc :
, where m K * + is the K * + mass. We retain B candidates that satisfy |∆E| < 0.15 GeV and M ( * ) bc > 5.25 GeV/c 2 . The dominant background arises from the e + e − →(q = u, d, s, c) continuum process. To suppress these events, a neural network [21] is employed by combining the following four quantities: a Fisher discriminant formed from 16 modified Fox-Wolfram moments [22] , the cosine of the angle between the momentum of signal B candidate and the z axis in the CM frame, the separation along the z axis between the vertex of the signal B and that of the recoil B, and the recoil B's flavor-tagging information [23] . To reconstruct the decay vertex of the recoil B, the tracks not associated with the signal B are used. The training and optimization of the neural network are accomplished with signal and continuum Monte Carlo (MC) simulated events. The signal MC sample is generated with the EvtGen program [24] , taking finalstate radiation effects into account via PHOTOS [25] .
The neural network output (C N B ) ranges from −1 to +1; an event near +1 (−1) is more signal (continuum)-like. We require C N B > −0.5 to reduce substantially the amount of continuum background. This requirement preserves approximately 94.7% (94.5%) of the signal while suppressing 75.6% (71.2%) of the continuum background in
As the remainder of the C N B distribution has a sharp peak near unity, we use a transformed quantity to enable its modeling with an analytic shape:
where
. After all selection criteria are applied to the signal MC sample, the average number of signal candidates per event is 1.16 (1.13) for longitudinally (transversely) polarized decays in
We choose the candidate having the smallest χ
, where the B vertex is obtained by charged tracks except for those from K 0 S and χ 2 B (χ
We refer to the rightcombination (RC) as the correctly reconstructed B meson decays and the self-crossfeed (SCF) as the misreconstructed signal component. MC simulations show that the SCF fraction is 15.5% (10.2%) for the longitudinally (transversely) polarized case in K * + → K + π 0 and 7.7% (3.5%) for the longitudinally (transversely) polarized K * + → K 0 S π + decay. The charm BB background originating from the b → c transition remains after all event selection criteria are applied. In the MC sample, we find no peaking structure in ∆E, M ( * ) bc , and the invariant masses formed by combining two or three final-state particles. We also do not observe any specific charm decay mode in this sample. The other possible backgrounds are largely due to b → u, d, s transitions from charmless B decays. This background has no peaking structure in the signal enhanced region of |∆E| < 0.05 GeV, while a peaking structure originated from 
The B + → φK * + background arising from pion-to-kaon misidentification is suppressed by rejecting events with an invariant mass of the K + K − pair between 1006.5 and 1032.5 MeV/c 2 . The B → V V decay rate does not depend strongly on the azimuthal angle, φ, between the two decay planes of the vector mesons. Therefore, it can be integrated out to obtain the differential decay rate [29] 1 Γ
We obtain the branching fraction B and the longitudinal polarization fraction f L using a simultaneous fit to the K * + → K 0 S π + and K * + → K + π 0 decay channels. This is an unbinned extended maximum likelihood (ML) fit to the distributions of ∆E and M ( * ) bc , the invariant mass and the cosine of the helicity angle of the two K * candidates, and C N B . The extended ML function for each decay channel is
where P j ( x i ; α j ) is the product of uncorrelated onedimensional (1D) probability density functions (PDFs) for event category j, calculated for the seven measured observables x i of the i-th event, n j is the yield for this event category, and N is the total number of events. The parameters α j describe the expected distributions of the measured observables for event category j, and are extracted from MC simulations and the (K * mass, M
bc ) sideband data. For the simultaneous fit, the total likelihood is obtained by multiplying the likelihoods for the
decay channels (indexed by k). With an assumption of equal production of B + B − and B 0B0 pairs at the Υ(4S) resonance, the signal yield of channel k is given
where N BB is the number of BB pairs, n sig is the number of signal events, and ΠB k is the product of the subbranching fractions. The detection efficiency for the longitudinally (transversely) polarized mode,
rec , is equal to 11.58 ± 0.02% (14.41 ± 0.02%) and 12.35 ± 0.02% (17.29±0.02%) for the K * + → K 0 S π + and K * + → K + π 0 channels, respectively. These are determined primarily from the signal MC sample and then corrected for a modest difference of kaon-identification efficiency between data and simulations, given by
is the efficiency of the R K/π requirement in data (simulations). The r K/π value per charged pion (kaon) track is 0.96 (1.00), resulting in a total efficiency of 0.92 (0.96) for
. Though mild linear correlations of up to 15% exist in the signal, such as between (∆E, M bc ), their contributions to the fit bias (described later) due to our use of uncorrelated 1D PDFs are negligible. Table I lists the PDF shapes used to model ∆E, M
bc , m Kπ , m K 0 S π(Kπ 0 ) , cosθ Kπ , cosθ K S π(Kπ 0 ) and C N B for different event categories. We fix the parameters of the RC signal PDF shapes to the MC values. We correct the parameters of the RC signal ∆E, M ( * ) bc and C N B PDFs to account for modest data-MC differences; the correction factors are obtained from a high-statistics control sample of B + → J/ψ(µ + µ − )K * + . The same calibration factors are also applied to the higher-K * and nonresonant backgrounds.
The continuum background PDF parameters that are allowed to vary are the slope of ∆E, the shape of M ( * ) bc , the fraction of the relativistic Breit-Wigner function, the polynomial coefficients of the K * masses, and the mean and two widths for the core asymmetric Gaussian function of C N B . All other PDF parameters are fixed and determined from MC samples. We use an error function to describe the falling reconstruction efficiency due to low-momentum tracks in the continuum as well as the BB helicity angle distributions. We use the simultaneous fit with two different cosθ Kπ PDFs, corresponding to the two samples of m Kπ < 0.83 GeV/c 2 and m Kπ > 0.83 GeV/c 2 , to treat the correlation between m Kπ and cosθ Kπ that originates from the B → φK * veto.
The yields for all event categories except for the relative amount of SCF to RC signal, the charmless BB, higher K * and nonresonant background components are allowed to vary in the fit. We fix the yields of charmless BB backgrounds based on a high-statistics MC sample, which includes possible charmless rare B decays. In order to validate our fitting procedure, we perform the fit to ensembles of 500 pseudoexperiments using the extracted fitted yields from data and events of all components that are arbitrarily chosen from the simulated MC samples. We obtain and correct for fit biases of 1.8% and 8.2% for B and f L , respectively, and assign 50% of each bias as its systematic uncertainty.
The K * 0 (1430) resonance, together with an effectiverange nonresonant component, are modeled with the LASS function [30] , whose parameters are taken from Ref. [31] . Yields of (Kπ) * 0 0 K * + , K * 0 (Kπ) * + 0 and four-body decay backgrounds are measured by a simultaneous fit to the sidebands of the two K * masses. To combine the results of the two K * + decay channels, both fits share the branching fraction parameters of (Kπ) * 0
and four-body decay backgrounds for K * + → K 0 S π + and K * + → K + π 0 in the simultaneous fit. In the fit, these background yields in the K * mass signal region from 0.78 to 1.00 GeV/c 2 are estimated from the K * mass PDFs on the two K * mass sidebands. 
FIG. 2: (color online). Projections for
of the multidimensional fit onto ∆E, M bc , K * 0 mass, K * + mass, cosine of K * 0 helicity angle, cosine of K * + helicity angle, and C N B for events selected in a signal enhanced region with the plotted variable excluded. Points with error bars are the data, the solid curves represent the full fit function, the hatched regions are the signal, the dashed curves show the combined continuum and BB backgrounds, and the dotted curves are the higher K * and nonresonant backgrounds.
We obtain the biases of the (Kπ) * 0 K * and four-body decay yields by applying the fit to ensembles of 500 pseudoexperiments using the extracted fitted yields from the K * mass sidebands. Fit biases for the yields of (Kπ) * 0
and four-body decays are, respectively, 3.0 (2.6), 2.0 (2.0) and 0.8 (0.4) in the
We correct for the fit biases and assign 50% of each to the systematic uncertainties. The measured yields in the K * mass sidebands are extrapolated to the K * mass signal region using the K * mass PDFs. We obtain the background yields N (Kπ) * 0 0 K * + = 1.9
(3.2 ± 1.9), and N 4body = 2.5 ± 3.0 (1.2 ± 1.4) in the
samples, where errors are a quadratic sum of the statistical and systematic uncertainties.
The total event sample for B + → K * 0 K * + consists of 23338 and 50212 events with
respectively. The result of the ML fit is summarized in Table II . We take the sub-branching frac-
is the likelihood value when the signal yield is set to its nominal value (zero). The systematic uncertainty (discussed below) is included in this significance calculation by convolving the statistical likelihood with an asymmetric Gaussian distribution whose width equals the total systematic error. The total significance of the signal yield is 2.7 standard deviations (σ). The upper limit (UL) on the branching fraction is calculated at 90% confidence-level (CL) by using the formula One of the sources for fit bias is its inaccurate estimation (based on the ensemble test) due to the limited size of theMC samples. The MC samples are generated under a partially correlatedPDF. We estimate an additional fit bias from the results of a comparison between ensemble tests using limited and correlated MC samples. We calculate the total fit bias uncertainty as the quadratic sum with this additional fit bias. The uncertainties due to the fixed yields for the higher K * and nonresonant backgrounds are estimated by varying the corresponding yields by their errors. The uncertainties due to the fixed fractions of misreconstructed events are calculated by varying them by ±50%. The charmless BB background yield is also varied by a conservative ±50% to cover any mismodeling of these processes in the MC sample used to estimate the yield. The change in the signal yield is taken as the systematic uncertainty.
Final state
We estimate the effect of possible interference between the K * and spin-0 final states [nonresonant and K * 0 (1430)] by including interference terms with variable phases in the relativistic Breit-Wigner function of the spin-0 final-state mass. In this estimation, we assume the K * helicity angle distributions for f L = 0 and f L = 1 in the KπK * decay to be the same as those of our signal decay. We vary the amplitude and phase of the interference term and the fractions of f L = 0 and f L = 1 components of KπK * from 0 to 1. We assign the resulting shifts as the systematic uncertainties after refitting with this modified function.
We vary the bin height for all histogram PDFs by its statistical error and repeat the fit. Deviations from the nominal fit are added in quadrature to determine the uncertainty due to the histogram PDFs. The PDF modeling uncertainty is obtained by varying the fixed shape parameters by their errors. We assign an uncertainty on the absolute scale of the reconstruction efficiency due to the limited signal MC statistics. The uncertainty due to calibration factors to correct for the difference between data and simulations is obtained by varying those factors by their errors. We assign an uncertainty due to the different continuum suppression efficiencies at C N B = −0.5 in data and MC by using the B + → J/ψ(µ + µ − )K * + control sample. We also include reconstruction efficiency uncertainties for charged tracks (0.35% per track) by using partially reconstructed D * + → D 0 (K 0 S π + π − )π + , particle identification (PID) uncertainties by using the D * + → D 0 (K − π + )π + control sample, and the uncertainty on the number of BB pairs. The systematic uncertainty due to the π 0 reconstruction is obtained by comparing data-MC differences of the yield ratio between η → π 0 π 0 π 0 and η → π + π − π 0 . The systematic uncertainties on the branching fraction and longitudinal polarization are listed in Table III. In summary, we have searched for the charmless hadronic decay B + → K * 0 K * + using the full BB pair sample collected with Belle. We find a 2.7σ excess of signal with a branching fraction B = (0.77
+0.35
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